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The first paper of this series (Hershey, Dixon, and Chase, 1953) showed that 
the desoxyribonucleic acid (DNA)  that accumulates in bacteria infected with 
T2 is of the distinctive viral type, and that the amount found in the bacteria is 
always greater than can be accounted for by the infective phage particles they 
contain. In this paper we show that the surplus DNA is the principal immediate 
precursor  of the DNA of the particles. 
Experimental  Principles 
Three kinds of DNA must be distinguished  in the infected  cell:  bacterial 
DNA,  recognizable by its cytosine  content and characteristic  proportions  of 
other bases; mature phage DNA, recognizable by its 5-hydroxymethylcytosine 
content and characteristic  proportions  of other bases, as well as by properties 
unique to  infective  phage  particles;  and unidentified  DNA,  which  has  the 
composition of the DNA of isolated phage particles,  but does not have other 
characteristic  properties  of phage particles. Mature phage DNA and unidenti- 
fied DNA may be spoken of collectively as cytosineless DNA. 
Following infection,  bacterial  DNA decreases in amount and cytosineless 
DNA begins to accumulate.  Since no phage particles  are finished during the 
first 10 minutes, the cytosineless DNA formed up to this time consists of uniden- 
tiffed  DNA.  Mter  10  minutes,  the  amount  of  unidentified  DNA  remains 
roughly constant, and most of the further increase in cytosineless DNA can be 
accounted for as infective phage particles  (Hershey, Dixon, and Chase, 1953). 
These facts suggest that unidentified DNA may be an immediate precursor 
of mature phage DNA.  This hypothesis is susceptible  of two types of test, 
both calling for the use of tracer phosphorus (pa~). 
First of all, if the hypothesis is correct,  pa2 entering into unidentified DNA 
early during viral growth should be incorporated  into phage particles  formed 
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later on, showing that the unidentified DNA is an intermediate and not a waste 
product  of  viral  growth. 
Secondly, ff unidentified DNA is the sole or principal immediate precursor 
of mature phage  DNA,  the  specific activity and  amount  of precursor phos- 
phorus should equal the specific activity and amount of unidentified DNA-P 
at  all  times and under all  conditions of labeling.  The experimental problem 
consists, therefore, in finding suitable independent methods for the determina- 
tion of unidentified DNA and precursor phosphorus. 
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FIG. 1. Experimental arrangements for the analysis of precursor phosphorus.  P'  = 
phage precursor P=. P  --  phage precursor phosphorus  (p31 -b  P~).  V'  --  mature 
phage P~.  V  =  mature phage phosphorus.  Preassimilated  phosphorus means phos- 
phorus  assimilated  by  the  bacteria  before infection; postassimilated  means  after 
infection.  The sink contains  non-precursor phosphorus. 
Unidentified DNA can be determined in two ways. First, one can assay cyto- 
sineless DNA chromatographically, and subtract from this result the mature 
phage DNA (Hershey, Dixon, and Chase, 1953).  Second, one can measure the 
DNA-P  synthesized  after  infection  (or  DNA-P  assimilated  after  infection, 
which turns out to be the same thing), add to it an allowance for the bacterial 
DNA that has disappeared (since an equivalent amount of phosphorus enters 
cytosineless DNA), and subtract the mature phage DNA-P. The second method 
is used in the experiments described in this paper. It has the advantage that it 
is applicable to p3~ assays, and proves to be reasonably accurate. 
The  specific  radioactivity  of  phage  precursor  phosphorus  containing  p3~ 
can be measured without any assumption as to its chemical form by the method 
outlined in Fig.  1. When a  mature phage particle is formed, a  unit amount of 
phosphorus is transferred from a precursorpool containing  one or more unknown 
forms of precursor phosphorus to a reservoir of mature phage DNA that can be 
analytically determined. One can define an "immediate precursor pool" such 
that the specific activity of the transferred phosphorus is equal to the weighted 
average specific activity of the phosphorus-containing precursors sharing that A. D. ~s~Y  3 
pool at the moment of transfer. This statement evidently excludes many pre- 
cursors, the phosphate in the medium for instance, from the pool so defined. 
Such a  precursor pool has chemical meaning only if it contains one or more 
substances each of which can be  separately assayed for phosphorus and  p82. 
We wish  to examine the hypothesis that the sole precursor is unidentified 
DNA.  Accordingly, we  assume  that  there  exists  a  pool  containing a  single 
precursor,  and  that  the precursor is  incorporated into  mature phage  by  an 
irreversible process. Designating precursor phosphorus by P, precursor P= by 
P', mature phage phosphorus by V, and mature phage P= by V', we define the 
specific activity of the precursor phosphorus by 
p, 
dr'  -- ~  dV.  (1) 
To use this definition, one plots mature phage Pn against mature phage phos- 
phorus, and measures the specific activity (P-/P--")of  the hypothetical precursor 
from a  tangent to the curve at any point. The amount of phosphorus in the 
pool cannot be measured by this method without further assumptions. 
One special case proves to be useful. If it is assumed further that the size of 
the pool (P) remains constant, no pa enters the pool or leaves it to enter the 
sink during the period of observation (P' -4-  V'  =  constant =  P~), and that 
V  =  0 when V'  =  0, equation (1) yields 
-In  i  -  =  7"  (2) 
This relation  holds when the p~s in the culture originates  from the parental 
phage, and permits a very precise  estimate of pool size  for  this  situation,  sub- 
ject,  of course,  to the correctness  of the assumptions stated.  In practice,  one 
measures P~ from the maximal observed transfer  of p32 to viral  progeny, and 
reads lIP  from the slope  of  the  straight  line  obtained by plotting  the left  hand 
term of the equation against V. 
The detailed  experimental results  are outlined below, for practical  reasons, 
on the basis of the  several experimental  arrangements  employed  (Fig. I). 
The reader  who wishes to start  with a logical  statement of the findings  may 
first  read points I to 5 of the Discussion, which also  serves  as a table  of con- 
tents. 
Materials and Methods 
Cultural  Conditions.--Cultures  were  prepared as described  previously (Hershey, 
Dixon, and  Chase,  1953) with minor differences. Bacteria were  grown  in peptone 
broth to 2  ×  10  s per ml., infected with 5 phage particles per cell in non-nutrient ad- 
sorption medium, and returned (at "time zero") to peptone broth at 2 ×  10s bacteria 
per ml. Pn was added to the medium in the form of neutral orthophosphate in con- NUCLEIC  ACID  ECONOMY  IN  BACTERIA.  II 
venient tracer quantities. Cultures of relatively small size (ca. 100 ml.) sufficed fo_ the 
present experiments. Under these conditions the bacteria contained 100 to 200 units 
of DNA (2.0 to 4.0  X  10  -9 Izg. DNA-P) per cell at the time of infection, as measured 
by the diphenylamine reaction calibrated against phage DNA. Some of the present 
experiments called for the use of phosphate-free adsorption medium, which will be so 
designated to distinguish it from the phosphate medium used  in earlier experiments 
(Hershey and  Chase,  1952).  The phosphate-free medium contained per liter 6 gm. 
NaC1, 7 gin. KzSO4, 1.0 mM MgSO,, 0.1 m~ CaCI~, 1 gm. sodium diethylbarbiturate, 
0.1 gin. gelatin, and HC1 to adjust to pH 7.4. 
Analytical Methods.--Most of the experiments required periodic measures of DNA- 
P~  and  mature  phage  P~.  DNA-P  3~ was  determined  (Schmidt and  Thannhauser, 
1945) by precipitating a chilled 1 ml. sample of the culture in a conical tube with 9 ml. 
0.3 M trichloroacetic acid (TCA), and washing the precipitate twice by centrifugation 
with cold 0.3 ~ TCA. 1 rag. thymus DNA and 2 rag. serum albumin were added before 
the first precipitation, and small amounts of additional serum albumin were added at 
each  subsequent washing and  precipitation, to  ensure rapid flocculation and  tight 
packing of the sediments. The washed precipitate was warmed  15  to  18 hours with 
2 ml. N KOH, and the DNA was reprecipitated cold with 8 ml. water containing 2.2 
ml. N HCI and 1.0 ml. 3 M TCA. Both the RNA (supernatant) and DNA (precipitate 
redissolved in dilute NH4OH)  were assayed in most experiments. In addition, inor- 
ganic P~ was determined by precipitation from an aliquot of the RNA fraction by the 
method of Delory (1938).  The latter data will not be reported because the slight radio- 
activity of this fraction could always be attributed to occluded RNA-P  ~, and never 
showed  any  independent  trend  suggestive of metabolically active phosphoprotein. 
Enzymatic tests of the purity of the fractions will be described in connection with some 
of the experiments. 
In a  few experiments in which total RNA-P and DNA-P were determined, larger 
samples of culture were taken, and serum albumin that had been freed from phos- 
phorus by treatment with alkali and precipitation with TCA was substituted for the 
DNA-protein carrier. 
Mature phage P~ was determined by making use of the sedimentation character- 
istics and resistance to desoxyribonuclease of the particles, and of the fact that nearly 
all the phosphorus is DNA-P. 2.5 ml. samples of culture were mixed with 0.1 ml. 20 
per cent NaC1, 0.1 ml. M/2 NaCN (adjusted to pH 8.0 with HsPO4), and 1.5 ml. ultra- 
violet-killed T2 (1@  2 particles per ml. irradiated with a germicidal lamp to a fractional 
survival of 10  -~) in chilled centrifuge tubes. After about 30 minutes in an ice bath, the 
tubes were warmed 30 minutes at 37°C. and refrigerated overnight. The next morning 
I0 #g. desoxyribonuclease was added to each tube and the contents were diluted to 
10 ml. with 0.1 per cent peptone water. After warming 30 minutes at 37°C. the samples 
were centrifuged to obtain low speed (3000  g) and high speed (12,000  g) sediments. 
The conditions of centrifuging were such that not more than 5 per cent each of the 
titratable phage appeared in the low speed sediments and high speed supernatants. 
Phage yields were computed without correction for losses from titrations of the low 
speed supernatants.  These were  frequently checked against titers obtained by the 
cyanide dilution method (Doermann, 1952), which usually ran 10 to 30 per cent higher. 
Finally, both low and  high  speed  sediments were  separated into  RNA  and  DNA A.  D.  HERSHEY  5 
fractions and assayed for P~ as described above. All these steps were found necessary 
under most of the conditions studied: exceptions will be referred to in the appropriate 
place. The conditions of lysis described above were first used by Maal~e and Watson 
(1951). 
Units of Measurement.--Amounts of DNA or other phosphorus are given per bacte- 
rium in units of 2 X  10  -11/~g. of phosphorus,  which corresponds to the content of a 
single infective phage particle  (Hershey,  Dixon,  and Chase,  1953). Amounts  of P~ 
are expressed per bacterium  as units  of phosphorus  of a g/ven specific radioactivity, 
usually referred  to the medium from which the ps~ was assimilated.  For example, if 
bacteria  were grown in a medium containing  1@  2 units of phosphorus per mI. and giv- 
ing l0  s counts per minute per ml., and were transferred  after infection to a non-radio- 
active medium and analyzed for DNA-P  ~ at some later time, the result would be com- 
puted as follows: DNA-P  3~ per bacterium  ---  c.P.~./bacterium  in DNA  ×  I01~ × 
10  -s units,  the two counts having been made on the same day. 
Technical  questions  pertaining  to the use of the methods  described above will be 
discussed after the principal  experimental  results have been presented. 
EXPERIMiENTAL RESULTS 
The  experiments  yielding  information  about  phage  precursor  phosphorus 
are described below. They are of five different types, classified  with respect to 
the conditions under which p32 is fed to the bacteria. 
Condition 1. pn Assi~nilated  before Infection.--In  these experiments bacteria 
were grown in peptone broth containing P~, infected in phosphate adsorption 
medium,  and  transferred  to  peptone  broth  not  containing  P~.  Time  was 
measured from the moment at which the infected cells were returned to nutrient 
medium. From the infected culture, phage  yields and  distributions  of preas- 
similated  P~  were  measured  at  intervals  as  already  described.  In  addition, 
total RNA-P and DNA-P were determined at 0  and 30 minutes in some ex- 
periments. 
The procedure was varied in some of the experiments in order to test  the 
effect of eliminating ps~ from components of the bacterium subject  to rapid 
metabolic turnover. For this purpose, an amount of phosphate buffer sufficient 
to reduce the specific  activity of the radioactive medium to  1 per cent of its 
initial  value was added to the culture either  20 minutes (about one bacterial 
generation) or 40 minutes before centrifuging the culture for infection. 
Detailed results  of one experiment are presented  in Fig.  2.  All the experi- 
ments yielded similar results, as shown in Table I. The principal findings are as 
follows:-- 
1. Total DNA-P  3~, RNA-P  ~, and RNA-P remained virtually constant after 
infection. Total DNA-P increased by a factor 3.5 during the first 30 minutes of 
viral  growth. 
2. Acid-soluble p82 amounted to only 3 to 5 per cent of the total p32 at zero 
time. This fraction approximately doubled in amount during the course of the 
infection,  apparently  at  the  expense  of  the  RNA fraction.  This  effect  is  of NUCLEIC  ACID  ECONOMY  IN  BACTERIA.  II 
doubtful significance since it could result from a slight increase in acid solubility 
of the RNA as the cells begin to lyse. 
3.  Preassimilated P~* entered into  the first phage particles formed, and  the 
amount incorporated into phage reached a  maximum corresponding to 4  to 8 
per cent of the  total P= at 40 minutes.  This percentage was not appreciably 
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FIa. 2. Incorporation of preassimilated bacterial phosphorus into phage. The data 
shown correspond to Experiment 4 of Table I. Yields of infective phage particles per 
bacterium are indicated by the dashed line, and increased  to 305 at 60 minutes. The 
unit on the ordinate is 2  X  10  -11 #g. P  assimilated before infection,  computed from 
the Pa assays and the measured specific activity of the bacterial DNA at the time of 
infection.  "Total DNA" and "acid-soluble" refer to the whole culture. The high speed 
sediment  (mature phage)  and low  speed  sediment  (bacterial debris)  contain DNA 
resistant  to desoxyribonuclease  after lysis.  Total preassimilated RNA-P  (data not 
shown)  measured  780  units  per  bacterium at  the  time of infection and  decreased 
slightly thereafter as indicated by the rise in acid-soluble  P. See also Fig. 6. 
dependent  on whether the preassimilated p32 had been taken in early or late 
during the growth of the bacteria before infection. 
4. A plot of preassimilated phosphorus in mature phage against numbers of 
infective phage particles showed a  constant slope from 10 to 25 minutes, after 
which  it  decreased  to  smaller  values.  The  slope  during  the  initial  constant 
period measured 0.3  to 0.6 unit  of preassimilated phosphorus per phage par- 
ticle. This measure may be genuinely variable, but the lower estimate is more 
reliable (see condition 4). Most of the phosphorus of particles formed after 25 
minutes  was  assimilated  after  infection,  as  found  previously by  Stent  and A.  D.  HERSHEY  7 
Maalffe  (1953)  and  (for pyrimidine  carbon)  by Weed  and  Cohen  (1951).  If 
the total preassimilated phosphorus in the precursor pool at any time does not 
exceed  the  total  amount  eventually  incorporated  into  phage  (i.e.,  if  none 
enters the sink during the period of observation),  the maximal pool size com- 
puted by equation  (1)  is  125  to 266 units per bacterium. 
TABLE I 
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Bacteria  were grown in ps2 medium followed by an  interval  (cooling period)  in non- 
radioactive  medium before infection. After infection in buffer they  were returned  to non- 
radioactive  medium and samples were analyzed  at intervals.  Total  ps~ assimilated  means 
total P taken up before the beginning of the cooling period, calculated from the  P~ assay 
and the specific radioactivity  of the medium. RNA-P and DNA-P were  determined colori- 
metrically  at times measured  from the start  of viral growth.  The unit of P  (units/B)  is 
2 )<  10  -11/~g., expressed per bacterium.  Specific radioactivity  is given relative  to that of 
the medium. Figures in paxentheses are assumed. 
5. The data were usually compatible with equation  (2), PC being measured 
from the  observed maximal  transfer  of preassimilated  phosphorus  to phage. 
This method gave estimates of pool size falling between 82 and 152 units (Table 
I). These estimates depend on the assumption, among others, that all the avail- 
able P~ entered the viral precursor pool during the first 10 minutes. The fit of 
the data to equation (2),  though satisfactory in most instances,  is not a  sensi- N~'CLEIC  ACID  ECONOMY  IN  BACTERL4..  II 
tire test of the correctness of this assumption, and we shall in fact show that 
it is wrong (condition 4). The pool size is,  accordingly, overestimated by this 
method. 
6. If one wishes to assume (Kozloff, et al., 1951; Weed and Cohen, 1951)  that 
the preassimilated  material  available  for growth  of phage is bacterial  DNA, 
the efficiency of conversion is 50 per cent (Table I), or rather more since only 
about 75 per cent of the phosphorus in the DNA fraction isolated from unin- 
fected bacteria is DNA-P (Hershey, Dixon, and Chase,  1953). 
Condition 2. Parental Phage P32.--The cultural conditions of these experiments 
were identical to those just described, except that P82-1abeled phage was used 
to infect unlabeled bacteria. The infected bacteria were always resedimented 
before the start of viral growth, so that unadsorbed p~2 (usually about 15 per 
cent) was not included in subsequent assays. The results of experiments of this 
type  were  independent  of  differences in  individual  preparations  of  labeled 
phage, as noted also by Maal~e and Watson (1951). Since the bacterial constit- 
uents were unlabeled, it was unnecessary to  isolate  mature  phage DNA;  the 
fractions obtained by centrifugation were assayed directly. 
In most of the experiments, total DNA was determined by the diphenylamine 
reaction at 10 minute intervals to have a  measure of the over-all performance 
of the cultures. In several experiments, a duplicate culture of the infected bac- 
teria was prepared in peptone broth containing 0.2 ~g. desoxyribonuclease per 
ml. Acid-soluble p32 assayed at intervals from this culture could be taken as a 
maximal measure of extracellular DNA of parental origin originating by lysis of 
some of the infected bacteria. 
The  results  of  one  experiment  are  shown  in  Fig.  3.  All  the  experiments 
yielded  similar  results,  as  summarized  in  Table  II,  which  includes  cultures 
grown in glycerol-lactate medium (Hershey and Chase, 1952) as well as cultures 
grown in peptone broth. The principal facts are the following:-- 
1. The loss of p32 from the DNA fraction of the cultures during viral growth 
as measured by increase in acid-soluble ps2 amounts to 8 to 15 per cent. This 
does  not  necessarily reflect intracellular degradation  of DNA  (Lesley et  al., 
1950). 
2. Parental p32 enters into the first phage particles formed, and the amount 
incorporated into phage reaches a maximum of 40 per cent at about 25 minutes, 
measured as increment over the small blank of non-phage pn appearing in the 
high  speed  sediment  fraction of  early lysates.  Qualitatively similar  findings 
have been reported by Maal~;e  and Watson (1951), French et al.  (1952), and 
Watson and Maalf~e (1953). 
3. A plot of mature phage P~ against numbers of infective particles shows an 
initial slope of 0.5  to 1.0 per cent of the parental p3~ per phage particle, which 
falls smoothly to negligible values at a point corresponding to 25 minutes after 
the start of viral growth. A.  D.  HERSHEY  9 
4. The data invariably show an excellent fit to equation (2), P~ being meas- 
ured from the  observed maximal  transfer.  The estimated  size  of the  phage 
precursor pool ranges from 54 to 94 units per bacterium, excluding one experi- 
ment in which the yields of phage were poor. Among the assumptions on which 
these estimates depend (see equation (2)), only the second, that all  the usable 
ps~ enters the pool during the first 10 minutes, need concern us here. All the 
others are shown to be reasonably correct by later experiments. The critical 
assumption cannot be independently tested, but the form of the curve described 
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Fio. 3. Incorporation of parental phage pz2 into progeny. The fractions wer  ob- 
tained by centrifuging lysed samples after treatment with desoxyribonuclease. Analysis 
of whole cultures showed that all the p~2 remained in the DNA fraction except for a 
slow rise in acid-soluble p32 from 2 to 5 per cent at 0 minutes to 10 or 20 per cent 
at 60 minutes. 
in item 3 above, the fit of the data to equation (2), the smaller pool size com- 
pared to the corresponding estimates for condition 1, and the nature of the case, 
speak  in its favor. 
5.  In  cultures  containing  desoxyribonuclease  the  accumulation  of  acid- 
soluble pa~ is accelerated, measuring about 14 per cent at 30 minutes and 30 
per cent at 60 minutes. If this measures the escape of parental DNA from the 
cells,  the latter accounts in part for the low ef~ciency of transfer to progeny, 
because the total DNA-P  3~ susceptible to the enzyme after lysis (high speed 
supernatant fraction) is only 40 to 50 per cent after 30 minutes. 
6. An experiment comparable to the above consisted in infecting P32-1abeled 
bacteria  and  transferring  them  to  peptone  broth  containing  ribonuclease. 
Under these conditions acid-soluble P~ rose sharply beginning at 20 minutes, 
reaching 22 per cent of the total RNA at 30 minutes and 40 per cent at 60 
minutes. The results for the companion culture lacking ribonuclease are given 10  NUCLEIC ACID ECONOMY IN BACTERIA. H 
in Fig. 2. This is a much more sensitive measure than the preceding one, because 
90 per cent of the RNA-P  a  is sensitive to ribonuclease after lysis of the cells. 
The  results  with  either  enzyme are  consistent  with  other  evidence  that  an 
appreciable fraction of infected cells lyse shortly after 20 minutes. 
7. Another partial  explanation for the low efficiency of transfer of P=  from 
parental  to progeny DNA must be the incomplete injection of DNA into  the 
TABLE H 
T~ Phage Precursor Pool Measured by Means of Parental Phage p~2 
Experiment 
Phage per bacterium 
15mln.  !  30rain. 
A DNA per phage  Maximum pn 
in phage 
j  ~n/t~  per 
Peptone-broth  cultures 
Pool size 
(Equation 2) 
1 
2 
3 
4 
5 
6 
7 
28 
47 
40 
25 
23 
15 
23 
138 
160 
220 
190 
180 
52 
133 
m 
1.1 
1.6 
1.0 
2.3 
3.9 
0.9 
39 
41 
42 
39 
43 
40 
45 
54 
58 
94 
87 
54 
17 
61 
Glycerol-lactate medium cultures 
8  1  35  --  30  38 
9  1  22  --  40  33 
I0  I  ~13  1.2  40  44 
The table summarizes all experiments yielding data testable  by equation  (2), to which 
the fit was satisfactory in all instances. The increment of DNA per phage is measured from 
the slope of a plot of total DNA (diphenylamine reaction  using a standard calibrated  in 
phage equivalents)  against phage yields. Values greater  than 1.0 suggest a low recovery of 
phage by plaque  count, which clearly accounts for the discrepant  result  of Experiment  6. 
The maximal transfer  of ps~ to phage progeny is measured  from the increase over blank 
values for early lysates. 
cells  (Hershey  and  Chase,  1952).  The  uninjected  fraction,  as  isolated  by 
removal in the Waring blendor, amounts to 21 per cent or more of the adsorbed 
P~. About two-thirds of this material is resistant to desoxyribonuclease, which 
shows that it is not a  random sample of the intracellular DNA such as might 
result from lysis of ceils. This source probably accounts for the enzyme-resistant 
material found in both low and high speed sediment fractions of early lysates. 
In view of the complications mentioned, it is unlikely that the relatively low 
efficiency of transfer from parents  to progeny has  any important  bearing  on 
questions  of mechanism  (cf.  Maal~e  and  Watson,  1951),  though  this  point 
deserves  further  study. A,  D.  HERSHEY  11 
8. Phage maturation, DNA synthesis, and p32 transfer occur more slowly in 
glycerol-lactate  medium than in peptone broth (Table  II). The incorporation 
of parental P~ into viral progeny continues for 60 to 90 minutes after infection. 
In addition the pool size is probably somewhat smaller. The cells are smaller 
as well, as observed microscopically or in terms of light scattering,  and contain 
only about 60 units of DNA (diphenylamine  reaction)  at the time of infection. 
Condition 3. Continuously  Assimilated/m.--The growth of phage in cultures 
uniformly labeled with P~ was studied primarily as a means of assessing the 
reliability of some of the analytical methods used in this work. This general 
question will be taken up in a later part of this paper.  Only the results of more 
general interest will be presented here. 
The experimental procedure  consisted of growing bacteria in peptone broth 
containing P~, infecting them in phosphate-free  adsorption medium, and re- 
turning  them to  the  radioactive medium.  The  infected cultures were  then 
analyzed in the manner already described. 
Under  these  conditions total DNA-P  a2  increased  linearly,  after an initial 
lag,  during the first 30 minutes or more  after infection.  The initial lag was 
equivalent to a pause lasting 4 to 7 minutes. After 30 minutes, the rate fell off 
to varying degrees in different experiments. The cause of variation is unknown, 
as is the relation between cessation of DNA synthesis and cellular lysis. In one 
experiment  the maximal rate was maintained at least until 90 minutes, when 
the total DNA measured 815  units per bacterium, of which 585  units were 
mature phage. 
The rate of DNA synthesis in infected bacteria (two experiments) during the 
linear period measured 7.9 and 8.0 units per bacterium per minute. This rate 
may be compared with the rate characteristic of uninfected bacteria as follows. 
A bacterial generation  time of 20 minutes corresponds to a rate of increase of 
3.5 per cent per minute. In the two experiments  mentioned, the DNA at the 
time of infection measured respectively 100 and 140 units per bacterium, which 
must have been formed at the rate of about 4.2 units per bacterium per minute. 
Total nucleic acid synthesis in uninfected bacteria is of course much faster, 
owing to the large RNA content (Table I). It corresponds to about 26 units per 
cell per minute. The rates of degradation of nucleic acid are negligible in either 
infected or uninfected bacteria (see conditions 1 and 5). These conclusions are 
in qualitative agreement with those  reached  by Cohen (1948), who studied 
DNA synthesis in ammonium lactate medium. 
Mature phage DNA also increased linearly, beginning to rise at 10 minutes. 
The relation between this measure and total DNA is illustrated in Fig. 4. At 
10 minutes, when infective phage particles  number about one per cell, total 
DNA has increased by about 45 units per bacterium (30 units in another ex- 
periment).  After this  time the  increase  is  practically all  accounted for by 
mature phage. 
The amount of unidentified DNA in the cells can be computed by adding the 12  I~UCLEIC  ACID  ECONOMY  IN  BACTERIA.  II 
bacterial  DNA destroyed  to  the  net  increase after infection.  Assuming  that 
about 70 units per bacterium of the bacterial  "DNA-P" is really DNA,  and 
that this disappears linearly during the first 30 minutes of viral growth (Her- 
shey, Dixon, and Chase, 1953),  one estimates the unidentified DNA to measure 
about 60 units per bacterium at  10 minutes,  110 units at 30 minutes,  and to 
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FIG. 4. Relation between mature phage P and total DNA-P at various times after 
infection.  The horizontal axis measures DNA-P in high speed sediments from which 
the blank (9.5 units per bacterium between 0 and 9 minutes) for early lysates has been 
subtracted. The vertical axis measures total DNA-P from which the bacterial DNA-P 
(103 units per bacterium) assimilated before infection  has been subtracted. The in- 
crement at 10 minutes represents DNA accumulated after infection but before mature 
phage appear. The slope (1.1) shows that the total DNA in excess of that present in 
the mature phage particles remains virtually constant after this time. 
remain constant thereafter. These figures are compatible with the more direct 
measures obtained by chromatographic analysis. This confirmation is important 
because  the present  measurements are independent  of titrations  of infective 
phage particles. 
Condition  4.  P~ Assimilated  after  Infection.--Unlabeled  bacteria  were  in- 
fected in phosphate-free adsorption medium and transferred to peptone broth 
containing p32, after which samples of the culture were analyzed as usual. The 
results of the p32 assays were converted into units of phosphorus assimilated 
after infection from the specific radioactivity of the medium. A.  D.  n-ERSm~Y  13 
Results of one experiment of this kind are shown in Fig. 5. The following sum- 
mary is based on three such experiments. 
1. If one plots total DNA-P  ~ against mature phage P~, the result is a straight 
line with origin 40 to 60 units (DNA-P assimilated between 0 and 10 minutes) 
and slope 1.2 or 1.3  (increments of total DNA-P  a~ per unit incorporated into 
phage after 10 minutes). This result agrees fairly well with Fig. 4, as it should 
since DNA-P  32 assimilated before infection remains constant thereafter (con- 
dition  1). 
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FIG. 5. Incorporation of phosphorus assimilated after infection into DNA and phage. 
Unlabeled  bacteria were  infected with phage and  transferred to P= medium.  P~' 
subsequently appearing in DNA and phage is shown as units of phosphorus assimilated 
after infection. 
2. If one plots mature phage P=  against yields of infective particles, the re- 
sult is a straight line with slope 0.6 to 0.9 unit of p3~ per phage. From the results 
obtained with  preassimilated  p82  (condition  1)  one would  expect an  initial 
slope of 0.4 to 0.7. A better estimate described below is 0.7, meaning that 70 
per cent of the phosphorus of the first phage particles formed is assimilated 
after infection. 
3. By  definition  (equation  (1)),  the  70  per  cent  fraction just  mentioned 
measures the ratio of ps~ to total phosphorus in the phage precursor pool. If 
one assumes that the precursor p3~ is DNA, and that all the DNA-P  3~ is either 
precursor or mature phage, the precursor p3~ is simply the difference between 
total and phage DNA-P  82 in Fig.  5.  This difference measures 40 units at  10 
minutes increasing  to  70 units at 30 minutes.  According to the assumptions 14  NUCLEIC ACID ECONOMY  IN BACTEP.IA. II 
made, the precursor  phosphorus  is  the ratio between these numbers and 0.7, 
which increases from 57 to 100 units during the stated time interval. 
The manner in which preassimilated  phosphorus  enters into phage can be 
studied either by labeling before or after infection. The data so far given are 
not very exact,  because specific activities were measured in terms of p32 per 
infective phage particle.  We wish to distinguish  if possible between two alter- 
natives: 
(a)  The first particles formed contain large amounts of preassimilated phos- 
phorus, but its concentration in the precursor pool falls rapidly, so that by 25 
minutes only about 30 per cent of the mature phage phosphorus  is preassim- 
ilated  material. 
(b) All the particles  formed between  10  and  25 minutes receive  about  30 
per cent of their phosphorus from preassimilated  reserves. 
Either alternative is consistent with the fact (Stent and Maalf~e, 1953) that 
about 30 per cent of the phosphorus  of phage liberated by lysis at 25 minutes 
is assimilated  before infection. Alternative (a)  was decided  on by Stent and 
Maal~e  using methods similar  to those described  above.  Our measurements 
using the same methods have been erratic with respect to specific activity, but 
have been  consistent  with  (b)  in indicating a  pool  of constant composition 
between  10 and 25 minutes. 
Fig. 6 describes an experiment  that seems to decide in favor of alternative 
(b). In this experiment  the composition of the precursor  pool was measured 
independently of plaque counts by comparing parallel  cultures  containing p32 
assimilated before and after infection, respectively. A third culture assimilating 
P~ continuously served as a check that all three cultures performed alike. 
If one plots the data of Fig. 6 so as to show the relation between preassim- 
ilated phosphorus  in phage (measured  in one culture)  and total phage phos- 
phorus (sum of two cultures),  one gets a perfectly straight line up to a yield of 
180 units of phage P per bacterium (24 minutes). The slope of this line shows 
that exactly 30 per cent of the phosphorus  of all phage maturing during this 
period  comes from preassimilated  sources. Since phosphorus  assimilated  after 
infection must be entering the phage precursor pool during this time, so must 
the  phosphorus  assimilated  before  infection.  This  conclusion  explains  the 
excessive pool size estimates described in connection with the experiments  of 
condition 1. 
The same  conclusion is  in excellent  accord  with the following facts. The 
source  of  the  preassimilated  phosphorus  available  for  growth  of phage  is 
probably the bacterial DNA (Weed and Cohen, 1951), which disappears from 
infected bacteria during the first 25 or 30 minutes of viral growth at a  rate 
which is a roughly constant small fraction of the rate at which cytosineless DNA A. D.  HERSHEY  15 
accumulates (Hershey, Dixon, and Chase,  1953).  This agreement supports the 
idea  that  the  conversion  of  bacterial  DNA-P  into  unidentified  DNA-P  is 
equivalent to the entry of preassimilated phosphorus into the phage precursor 
pool. 
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Fzo.  6.  Incorporation of P~ assimilated before and  after infection into  mature 
phage. The data shown correspond to Experiment 2 of Table I. 
Curve A. DNA-P  ~ in high speed sediments from a culture fed p32 between  0 and 
60 minutes after infection.  This curve reached 435 units per bacterium at 60 minutes. 
Curve B. DNA-P  ~ in high speed sediments from a culture fed P~ for 2 hours im- 
mediately before infection. 
C  (not shown). Control culture fed P~ both before and after infection.  All three 
cultures were infected with phage in phosphate-free buffer. 
Total DNA-P  ~  (units per bacterium) measured as follows: 
A  B  C 
0 rain.  --  150  172 
30 rain.  375  161  495 
The steps in the curves result partly from lysis of some of the bacteria and loss of 
phage by readsorption, and partly from momentary refractoriness of the bacteria to 
induced  lysis. 
Condition 5. pa2 Assimilated  during the First Few Minutes after Infection.-- 
Condition  5  was  studied  by  infecting  unlabeled  bacteria  in  phosphate-free 
adsorption medium, transferring them to peptone broth containing p82, and 4 
minutes later reducing the specific activity of the medium 100-fold by adding 
phosphate buffer. Aliquots of the culture were fractionated in the usual way at 16  NUCLEIC  ACID  ECONOMY  IN  BACTERIA.  II 
various times during viral growth, and the results of  the p3e assays were con- 
verted to units of phosphorus assimilated during the 4 minute period from the 
specific activity of the medium during that period. 
Detailed results of one experiment are shown in Fig.  7. The results of three 
additional experiments of the same kind are included in the following summary. 
1. Total DNA-P  3~ reaches its peak between 20 and 30 minutes after infection, 
and half this maximum at  10 or  11  minutes after infection.  DNA-precursor 
phosphorus spends an average of 8 or 9 minutes in the cell before being incor- 
porated  into  acid-insoluble  DNA. 
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FIG. 7. Incorporation of early assimilated P~ into DNA and phage, p32 was fed 
during the interval 0 to 4 minutes. The unit of P~ is 2 X 10  -.1/~g.P assimilated during 
the feeding period. Infective phage appeared at 10 minutes and increased  linearly to 
340 particles per bacterium at 50 minutes. The slow rise  in total DNA-P  ~ after 30 
minutes is due to P~ of low specific activity in the medium. 
2. Mature phage DNA-P  82 reaches its peak about 40 minutes after infection, 
and its half value at 17 to 19 minutes. Phage precursor phosphorus assimilated 
during the first 4 minutes after infection takes an average of about 16 minutes 
to be incorporated into mature phage. This estimate agrees with that of Stent 
and Maal~e (1953), who found that the interval is about the same (14 minutes) 
for phosphorus assimilated early or late during viral growth. 
3. The fact that mature phage phosphorus increases at the expense of DNA 
formed 7 or 8 minutes earlier is compatible with the hypothesis that the latter 
is phage precursor. If this hypothesis is correct, the efficiency of utilization is 
at least 66 to 80 per cent. 
4. If one plots mature phage p32 against numbers of infective phage particles, 
one gets a curve with an initial slope (four experiments) of 0.15 to 0.25 unit per 
phage, which falls smoothly to negligible values as the precursor p32 is used up. A.  D.  HERSHEY  17 
5. If one assumes that all the DNA-P  32 is precursor phosphorus or mature 
phage phosphorus between  10 and  15  minutes after infection, the precursor 
1332 measured by difference is 10 to 19 units per bacterium. The precursor pool, 
measured  (equation  (1))  as the ratio between these numbers and  the slopes 
mentioned in item 4,  falls between 56  and 69 units  per bacterium for four 
independent experiments. These estimates refer to the interval between 10 and 
15 minutes after infection. The calculation fails for later times because of the 
small amount of DNA-P  =  that  it is not available for conversion into phage 
(see below). 
6. The hypothesis that the phage precursor phosphorus is DNA-P is con- 
firmed as follows. Pool size estimates that are independent of the hypothesis 
under test (conditions 1 and 2) agree on the one hand with estimates requiring 
this hypothesis (conditions 4 and 5), and on the other hand with direct measure- 
ments of the amount of unidentified DNA in the cells (conditions 3 and 4, and 
Hershey, Dixon, and Chase, 1953). 
We concluded above that the efficiency of conversion into phage of DNA- 
p32 assimilated after infection was at least 66 to 80 per cent. This estimate is 
uncertain for the following reasons.  Some of the DNA may be extracellular, 
whereas we want  to know the efficiency of conversion of intracellular DNA. 
Some of the phage DNA may not be included in the assay because it sediments 
at low speed, either in unlysed cells or adhering to bacterial debris. Finally, the 
assays may include some non-DNA-P. 
The results of two similar experiments, one described in Table III,  throw 
light on some of these questions. They are summarized below. 
(a) A boiled sample of the whole culture taken at 12 minutes after infection, 
when most of the labeled DNA is precursor, contains 20 to 30 per cent of its 
DNA-P  32 in a form resistant to desoxyribonuclease. The corresponding measure 
for boiled whole culture taken at 40 minutes, when most of the DNA-P  82 is in 
mature phage, is 18 to 25 per cent. For boiled, isolated phage (Hershey and 
Chase, 1952) it is 10 per cent. These tests exclude gross contamination, but do 
not  measure  non-DNA-P  3~. 
(b)  After lysis of the culture at 40  minutes with  cyanide and ultraviolet- 
killed phage, and centrifugal fractionation in the cold without added enzyme, 
all the DNA-P  n  can be recovered from the several fractions, and 88 per cent 
of it is now sensitive to desoxyribonuclease after boiling the fractions. 
(c) The total DNA-P  ~  sensitive to the enzyme in unboiled fractions of the 
lysates amounts to only 14 per cent. Most of this is also sensitive to the enzyme 
in the unlysed culture, and is probably extracellular DNA. 
(d)  The DNA-P  ~  resistant  to  the  enzyme after lysis  but  sensitive  after 
boiling  the  fractions  amounts  to  about  84  per  cent  of  the  total  DNA-P  ~. 
All but a small fraction of this is found in the high speed sediment, and must 18  N'UCLEIC  ACID  ECONOMY  IN  BACTERIA.  II 
consist of mature phage particles. The latter thus contain about 94 per cent of 
the  DNA-P  ~  assimilated  during  the  first  4  minutes  and  remaining  in  the 
ceils  until 40 minutes after infection. 
(e) Non-DNA-P  3~ appearing in the various DNA fractions cannot exceed a 
few per cent of the total, and is noticeable only in the bacterial debris, which 
also contains a  small amount of phage. 
Our main conclusion, that the conversion of intracellular DNA into phage is 
remarkably efficient,  was confirmed by two further observations on  cultures 
containing  desoxyribonuclease.  It  was  found  that  sedimentable,  enzyme-re- 
TABLE 
Efficiency of Convers"ign of gaely Assimilated DNA-I  ~  into Phage 
12 min. whole culture ............... 
40 rain. whole culture ............... 
40 rain. lysed culture 
Low speed sediment  ............... 
High speed sediment  .............. 
Supernatant ...................... 
Total 
27 
45.4* 
2.3 
39 
4.6 
Units DNA-Pa per bacterium 
After 
DNa~ 
40.9* 
2.0 
37 
0.5 
Boiled 
-t-DNase 
7 
8 
I  0.S 
I  4.2 
Boiled 
÷~ase 
28 
46 
Boiled 
+  both 
enzymes 
* Duplicate partitions and replicate assays. In this instance "after DNase" means from 
a companion  culture that received DNase 10 minutes after infection. 
The P~ was assimilated during the first 4 minutes after infection. The fractionation was 
carried out as usual except that DNase was omitted and eentrifugations were completed 
quickly at low temperatures. "Boiled" means heated 15 minutes at 100*C. Samples in broth 
were warmed 15 minutes at 370C. with 0.1 mg./ml, of crystalline enzyme as indicated. The 
low speed sediment contained 4 per cent of the titratable phage. 
sistant,  DNA-P  ~  in lysates prepared at 40 minutes amounted to 90 and  93 
per cent,  respectively, of the total DNA-P  ~  in  the cultures.  In cultures not 
containing the enzyme this measure is variable owing to the erratic character of 
spontaneous lysis of infected bacteria under the conditions of these experiments. 
This  demonstration  is  contingent  on  another  fact  deducible  from  these 
experiments,  namely, that mature phage does not exchange phosphorus with 
its  precursors. 
A  Metabolically Active RNA  Fraction in Infected  Bacteria.--In  the  experi- 
ments described under condition 5,  it was noted that an extremely rapid in- 
corporation of p3~ into RNA  occurred, reaching a  peak of about 25  units of 
early assimilated phosphorus per bacterium at  5 minutes after infection, and 
quickly falling  to  a  low level  during  the  period  of entry of ps,  into  DNA. 
Enzymatic tests  showed  that  the  active  material  was  authentic  RNA.  If 
ps,  assimilation  continued  (condition 4),  the  level  rose to about 50 units of A.  D. ~ERSEEY  19 
phosphorus per bacterium at 10 minutes and then remained constant, indicating 
continued synthesis and turnover. Active RNA  is thus being formed at about 
the same rate as DNA in infected bacteria,  and accumulates in an amount 
roughly equal to the amount of phage precursor DNA. Its metabolic activity 
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FIG. 8. Relation between mature phage p3~  and infective phage particles in lysates 
of cultures in P~ medium. The datashown correspond to Experiments 6 and 9 of Table 
IV. Mature phage DNA-P  = measured from the slopes of the curves is 0.7 and 1.0 unit 
per phage, respectively. DNA-P  = means DNA-P computed from the P~ assay and 
the specific radioactivity of the medium. The points marked "isolation" represent 
phage assayed directly after repeated fractional centrifugation of lysates, during which 
the recovery of infective particles was about 50 per cent, plotted against the number 
of recovered particles.  The  other points show DNA-P  =  recovered by  phosphorus 
partition of the initial high speed  sediments,  and are  plotted  against  total phage 
yields.  Depleted medium  is  peptone  broth from which  preferentiaUy  assimilated 
phosphorus has been removed  by previous  growth of bacteria. The unusually high blank 
for this culture is due to the fact that not all the bacteria yielded phage (excessive 
multiplicity), the results being  computed per productive bacterium. 
clearly distinguishes this material from the bulk of RNA that was formed in 
the cell before infection (condition 1), as well as from the preassimilated viral 
precursor phosphorus, and also shows that the effects noted cannot be attributed 
to the small number of uninfected cells present in the cultures. 
Technical Questions.--The analysis of uniformly P~-labeled cultures (condi- 
tion 3)  served to answer several questions about the general reliability of the 
analytical methods. In particular it was necessary to determine the effective 20  NUCLEIC  ACID  ECONOMY  IN  BACTERIA.  II 
specific radioactivity  of Pn-labeled  peptone  broth,  and  the  relation  between 
phosphorus content and infective titer  of phage produced in it. 
Fig. 8 and Table IV summarize unselected data bearing on these questions. 
The specific activity of phosphorus assimilated from peptone broth is probably 
TABLE IV 
DNA  and  DNA-P  32 per Bacterium and per Phage in  Uniformly  Labded Cultures 
I  Total DNA-Pn 
g 
Experi-  Mature phage 
merit  [  DNA-P  n 
__  0miu.  "Omin.  ~  __ 
I~f  ,,,.,./B  r ,,,,.s/p~,. 
Relative 
specific 
activity 
(medium 
1.0) 
Analysis of isolated terminal phage 
P units 
per phage 
D  units 
per phage 
C units 
per phage 
Whole medium 
86 
83 
79 
272 
3O0 
24O 
1.2 
1.0 
0.7 
0.8 
0.6 
0.7 
1.0 
0.88 
0.96 
0.94 
0.98 
0.94 
1.00 
0.79 
1.2 
1.0 
1.1 
1.0 
1.1 
1.0 
1.0 
1.4 
1.0 
1.1 
0.9 
1.1 
1.0 
1.2 
1.2 
1.0 
1.0 
Depleted medium 
8  --  --  1.0  1.10  1.1  1.2 
9  1.0  {  .... 
10  1.3  ]  1.07  1.2  1.1 
11  97  324  1.1  1.07  1.1  1.3  1.1 
DNA-P  ~ means DNA-P computed from the p~2 assay and the specific radioactivity of 
the medium. The unit is 2 X  10  -11/~g. of phosphorus, or equivalent phag  e phosphorus esti- 
mated in terms of optical density  at 260 rn~  (D units)  or by the diphenylamine  reaction 
(C units),  see Hershey, Dixon, and Chase (1953). 
Mature phage DNA-P  a~ is measured from the slope of curves like  those in Fig. 8. The 
terminal  phage  was  isolated  by fractional  centrifugation  after  spontaneous  lysis  of the 
culture. 
Depleted medium is peptone broth prepared from a  1 per cent solution of peptone from 
which a crop (2 X  10S/ml.) of bacteria has already been harvested. 
a little less than that of the medium, but not significantly so either early or late 
during the growth of phage.  Phosphorus partition  recovers phage phosphorus 
quantitatively in a degree of purity equal to that obtained by fractional centri- 
fugations accompanied by 50 per cent losses. It should be mentioned that the 
initial  high  speed  sediments  contain  about  100 units  of contaminating phos- 
phorus  (mostly RNA) per bacterium  before partition.  It is doubtful  whether 
this can be removed completely by any routine method, hence the necessity of A.  D.  mmsm~Y  21 
correcting for blank values obtained from early lysates (Fig. 8), especially when 
the yield of phage is small. 
The most important general  conclusion to be drawn from these data is that 
"mature phage DNA" determined by the methods we have used is equivalent 
to "infective phage particles" assayed by the plaque count, which shows that 
lysates  do  not  contain  appreciable  numbers  of  non-infective  sedimentable 
particles formed after infection  and containing DNA resistant to desoxyribo- 
nuclease. Maal~e and Stent (1952) reached a similar conclusion with respect t~ 
somewhat different analytical methods. 
The phage particle-equivalent unit of phosphorus (2 X  10  -11 ~g.) appears t~ 
be generally  reliable  (Table IV), but it is evident that no analytical procedure 
involving  infectivity measurements is wholly satisfactory. The principle  out- 
lined in Fig. 6 offers a substitute useful for certain purposes. 
The  chief  technical  difficulty encountered  in  this  work was  the  variable 
tendency of the cultures to lyse prematurely, which could neither be accurately 
measured nor  controlled.  Our  solution to  this  problem  was  to  repeat  each 
experiment several times, and judge the effects of lysis from the variability of 
results.  The experiment described in Table III, among others, shows that lysis 
is negligible in favorable instances 
DISCUSSION 
The experiments reported in this paper show that  the principal immediate 
precursor of the phosphorus of infective particles of phage T2 in infected bac- 
teria  is  the phosphorus  of DNA synthesized after infection,  virtually  all  of 
which  is  phage  or  phage precursor.  The  demonstration  takes  the  following 
form: 
1.  Synthesis of DNA precedes formation of infective phage particles,  and 
labeled phosphorus present  in  non-phage  DNA during  early  stages of viral 
growth disappears synchronously with the appearance of an equal amount of 
labeled phosphorus in phage (condition 5). 
2.  Labeled phosphorus derived from parental  phage DNA is incorporated 
into mature phage progeny between 10 and 25 minutes after infection from a 
precursor pool containing 54 to 94 units (phage particle equivalents) of phos- 
phorus per bacterium.  The usable parental  phosphorus  enters  the precursor 
pool before 10 minutes, when the first measurements are made (condition 2). 
3. Labeled phosphorus assimilated after infection is incorporated into mature 
phage from a precursor pool containing  the same amount of p32 as is present in 
the non-phage  DNA in the cells (condition 4). 
4. The non-phage DNA (excluding bacterial DNA) present in the cells be- 
tween 10 and  25 minutes after infection contains about 60 increasing  to 110 
units of phosphorus per bacterium, in agreement with estimates of the size of 
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5. This evidence is somewhat strengthened by the fact that pa~ assimilated 
before  infection  and  available  for viral  growth is  not  all  contained in  the 
precursor pool defined by the measurements listed. On the contrary, this phos- 
phorus enters the pool at a rate proportional  to the rate of entry of phosphorus 
assimilated after infection until the supply is exhausted at about 25 minutes, 
and does not all appear in phage until 40 minutes (condition  1). The period of 
its entry into the pool coincides with the interval during which bacterial DNA 
disappears  (Hershey,  Dixon,  and Chase,  1953), which adds to other evidence 
(Kozloff et al.,  1951; Weed and Cohen,  1951) that the preassimilated  phage 
precursor phosphorus is bacterial DNA. The same facts show that no significant 
amount of bacterial DNA is  synthesized  from phosphorus  assimilated  after 
infection. 
Viral  precursor  DNA differs from infective  phage particles,  among other 
ways,  in being  sensitive  to desoxyribonudease.  A fairly clean  separation is 
possible on this basis alone. This implies that maturation with respect to infec- 
tivity and the acquisition of resistance to depolymerase are more or less simul- 
taneous events. 
A number of questions  to which this work is related, but about which it 
yields no decisive information, have been reviewed recently (Hershey,  1953). 
One new question can now be asked. What types of cellular mechanism control 
the rates of precursor  synthesis and phage maturation, and hence the size of 
the precursor  pool? Certain features of the variability of cultures (Hershey, 
Dixon,  and Chase,  1953) suggest a  correlation  between  the DNA content of 
the cells at the time of infection, and both the size of the pool and rates of 
synthesis. A few experiments with cultures growing in glycerol-lactate medium 
reported in this paper show, more interestingly,  that rates of DNA synthesis 
and phage maturation are strongly correlated, as though fixed relative to each 
other by a critical pool size. More interestingly still, if true, it seems not to be 
the phage precursor DNA pool that is constant, but a niche filled by precursor 
I)NA and bacterial  DNA. Thus the formation of the precursor  pool and the 
disappearance  of bacterial DNA  are  coordinated  in such  a  way that  their 
sum remains approximately constant, while the surplus DNA appears as mature 
phage. 
SUMMARY 
1. During the first 10 minutes of viral growth following infection of E. coli 
by phage T2 in broth, a pool of DNA is built up that contains phosphorus 
later to be incorporated  into phage. This pool  receives phosphorus  from,  but 
does not contain, the bacterial DNA. 
2.  After 10 minutes, DNA synthesis and phage maturation keep  pace  in 
such a way that the amount of precursor DNA increases moderately for a time 
and then remains  constant. A. D.  HERSHEY  23 
3. The pool so described is defined in terms of the kinetics of transport of 
phosphorus from its origins in the culture medium, the bacterial DNA, and the 
DNA of the parental phage, to the viral progeny. The most interesting param- 
eter of this system is the size of the precursor pool,  which measures  10  -~ to 
2 X  10  -~/~g. DNA-P (50 to 100 phage particle equivalents) per bacterium. 
4.  Neither the precursor nor the intracellular phage population exchanges 
phosphorus with the phosphate in the medium. More interestingly, the phos- 
phorus in mature phage does not exchange with phosphorus in the precursor, 
showing that maturation is an irreversible process. 
5. Maturation is also a  remarkably efficient process. About 90 per cent of 
labeled phosphorus introduced early into the precursor pool is later incorpo- 
rated into phage. 
6. Viral DNA is synthesized at the rate of about 1.5  X  10  -1° ~g. DNA-P 
(7 or 8 phage particles) per bacterium per minute. This is somewhat faster than 
bacterial DNA is formed, but considerably slower than RNA is formed, in 
uninfected bacteria. 
7. The transport of phosphorus from medium to viral precursor DNA takes 
an average of 8 or 9 minutes, and from precursor to phage an additional 7 or 8 
minutes. 
8. Metabolically active RNA has been detected in infected bacteria. 
Thanks are due Dr. Margaret R. McDonald for generous gifts of purified enzymes. 
Isotopes were supplied by the Oak Ridge National Laboratory, on allocation from the 
Atomic  Energy  Commission. 
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